The endoplasmic reticulum (ER) is tasked, among many other functions, with preventing excitotoxicity from killing neurons following neonatal hypoxia-ischemia (HI). With the search for delayed therapies to treat neonatal HI, the study of delayed ER responses becomes relevant. We hypothesized that ER stress is a prominent feature of delayed neuronal death via programmed necrosis after neonatal HI. Since necrostatin-1 (Nec-1), an inhibitor of programmed necrosis, provides delayed neuroprotection against neonatal HI in male mice, Nec-1 is an ideal tool to study delayed ER responses. C57B6 male mice were exposed to right carotid ligation followed by exposure to FiO 2 = 0.08 for 45 min at p7. Mice were treated with vehicle or Nec-1 (0.1 l of 8 mol) intracerebroventricularly with age-matched littermates as controls. Biochemistry assays at 3 and 24 h and electron microscopy (EM) and immunohistochemistry at 96 h after HI were performed. EM showed ER dilation and mitochondrial swelling as apparent early changes in neurons. With advanced neurodegeneration, large cytoplasmic fragments containing dilated ER "shed" into the surrounding neuropil and calreticulin immunoreactivity was lost concurrent with nuclear features suggestive of programmed necrosis. Nec-1 attenuated biochemical markers of ER stress after neonatal HI, including PERK and eIF2␣ phosphorylation, and unconventional XBP-1 splicing, consistent with the mitigation of later ER pathology. ER pathology may be an indicator of severity of neuronal injury and potential for recovery characterized by cytoplasmic shedding, distinct from apoptotic blebbing, that we term neuronal macrozeiosis. Therapies to attenuate ER stress applied at delayed stages may rescue stressed neurons after neonatal HI.
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Introduction
Aberrant Ca 2+ regulation and oxidative damage (Ferriero, 2004; Puka-Sundvall et al., 2000) are central to the basic biology of brain injury following neonatal hypoxia-ischemia (HI). The endoplasmic Abbreviations: ATF, activation transcription factor; CHOP, CCAAT/-enhancerbinding protein homologous protein; EIF, eukaryotic initiation factor; EM, electron microscopy; ER, endoplasmic reticulum; GADD, growth arrest and DNA damageinducible protein; GRP78, 78 kd glucose regulated protein (also known as BiP and HSP5a); HI, hypoxia-ischemia; IQR, interquartile range; IRE, inositol-requiring enzyme; Nec-1, necrostatin-1; p, postnatal day; PERK, protein kinase RNA-like endoplasmic reticulum kinase; UPR, unfolded protein response; XBP, X-box protein.
* reticulum (ER) is tasked with preventing these insults from killing neurons (Paschen, 2003) in vivo and in cell culture. The ER responds to HI with morphologic and biochemical changes designed to contain and block propagation of these deleterious events. Initiation of the unfolded protein response (UPR) in response to neonatal HI is documented (Badiola et al., 2011; Carloni et al., 2014a) and UPR mitigation is associated with neuroprotection in multiple neonatal brain injury models with a variety of therapies (Carloni et al., 2014a,b; Zhu et al., 2014) .
Studies of ER stress in neurodegenerative conditions suggests a role in failed neuroprotection or neuronal maintenance on a more chronic basis (Paschen and Mengesdorf, 2005) . ER stress and autophagy pathways can cooperate as well (Sheng et al., 2012) . Morphologic changes in ER structure are linked to stimuli known to cause neurodegeneration. Enlargement of the intraluminal ER capacity is considered a survival mechanism designed to allow more time for handling of misfolded proteins in culture (Bernales et al., 2006) and greater sequestration of Ca 2+ . ER stress signaling
